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Claims 

1.-27. (Cancelled) 

28. (Currently amended) A process for depositing a zinc alloy protective 
coating on aluminum or aluminum based alloy substrates which comprises 

(A) immersion plating an aluminum or aluminum based alloy substrate by 
immersing the substrate in an aqueous acidic immersion plating solution having a pH of 
from about 3.5 to about 6.5 and comprising zinc ions, nickel and/or cobalt ions, fluoride 
ions and at least one inhibitor provided the solution is free of cyanide ions for a period 
of time sufficient to deposit the desired coating, and 

(B) removing the coated substrate from the immersion plating solution, 
wherein the at least one inhibitor is a se le ct e d from n i trog e n - conta i n i ng 

d i su l fid e s; alka l i meta l th i ocyanat e s; thiocarbamat e s; n i trog e n-conta i n i ng h e t e rocycl i c 
compounds; mercapto substituted nitrogen-containing heterocyclic compounds: 
th i oac i ds; th i oa l coho l s; compounds charact e r i z e d by th e formu l a 

R 2 N-C(S)Y I- 

wh e r ei n e ach R i s i nd e p e nd e nt l y hydrogen or an a l ky l , a l k e ny l , or ary l group, and Y i s 
XRVNR-g or N( H )NR 2 ; where i n X i o O or S and i s hydrogon or an a l ka li meta l ; and 
m i xtur e s th e r e of . 

29. (Original) The process of claim 28 wherein the surface of the 
aluminum or aluminum based alloy is cleaned, etched and desmutted prior to 
immersion in the immersion plating solution. 

30. (Original) The process of claim 29 wherein the cleaning is performed 
with an alkaline, acidic, or solvent cleaner, and the etching is performed with an alkaline 
or acid etching solution. 
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31 . (Original) The process of claim 29 wherein the aluminum or aluminum 
based alloy is rinsed with water after each of the cleaning, etching, desmutting, and 
immersion plating steps. 

32. -35. (Cancelled) 

36. (Currently amended) A process for depositing a zinc alloy protective 
coating on aluminum or aluminum based alloy substrate which comprises 

(A) immersion plating the substrate by immersing the substrate in an aqueous 
acidic immersion plating solution having a pH of from about 4 to about 6 and 
comprising: 

from about 10 to about 30 g/l of zinc ions, 
from about 20 to about 50 g/l of nickel and/or cobalt ions, 
from about 0.5 to about 10 g/l of fluoride ions, and 
from about 0.005 to about 0.05 g/l of an at least one inhibitor for a period 
of time sufficient to deposit the desired coating, and 

(B) removing the coated substrate from the immersion plating solution 
wherein the at least one inhibitor is a s ele ct e d from n i trog e n-conta i n i ng 

d i su l f i d e s; a l kal i meta l th i ocyanat e s; th i ocarbamat e s; n i trog e n-conta i ning h e t e rocyc li c 
compounds; mercapto substituted nitrogen-containing heterocyclic compounds? 
t h i oacids; th i oa l coho l s; compounds characteriz e d by th e formu l a 

R 2 N-C(S)Y h 

wh e r ei n e ach R i s i nd e p e nd e nt l y hydrogen or an a l ky l , a l k e ny l , or ary l group, and Y i s 
XRVNRg or N( H )NR 2 ; whoro i n X i s O or S and R f i s hydrogon or an alka li metal; and 
m i xtur e s th e reof . 

37. (Original) The process of claim 36 wherein the surface of the substrate 
is cleaned, etched and desmutted prior to immersion in the immersion plating solution. 
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38. (Original) The process of claim 37 wherein the cleaning is performed 
with an alkaline, acidic, or solvent cleaner, and the etching is performed with alkaline or 
acid etching solution. 

39. (Previously presented) The process of claim 37 wherein the substrate 
is rinsed with water after each of the cleaning, etching, desmutting, and immersion 
plating steps. 

40. (Currently amended) A process for depositing a metal coating on an 
aluminum or aluminum alloy substrate comprising 

(A) applying an immersion zinc alloy protective coating on the substrate by 
immersion plating the substrate in an aqueous acidic immersion plating solution having 
a pH of from about 3.5 to about 6.5 and comprising zinc ions, nickel and/or cobalt ions, 
fluoride ions and at least one inhibitor provided the solution is free of cyanide ions for a 
period of time sufficient to deposit the desired coating, and 

(B) plating the zinc alloy coated substrate using an electroless or electrolytic 
metal plating solution, 

wherein the at least one inhibitor is a s ele ct e d from nitrog e n-conta i n i ng 
d i su l f i d e s; a l ka li m e ta l thiocyanat e s; th i ocarbamat e s; n i trogen-conta i n i ng h e t e rocyc li c 
compounds; mercapto substituted nitrogen-containing heterocyclic compounds; 
thioac i ds; th i oa l coho l s; compounds characteriz e d by th e formu l a 

R g N-C(S)Y I- 

wh e r ei n e ach R i s i nd e p e nd e ntly hydrog e n or an a l ky l , alk e ny l , or aryl group, and Y is 
XRVNRg or N( H )NR 2 ; where i n X i o O or S and i s hydrogen or on a l ka l i moto l ; and 
m i xtur e s th e r e of . 

41 . (Original) The process of claim 40 wherein the surface of the substrate 
is subjected to cleaning, acid etching and desmutting, prior to immersion in the 
immersion plating solution. 
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42. (Original) The process of claim 41 wherein the cleaning is performed 
with an alkaline, acidic, or solvent cleaner, and the etching is performed with alkaline or 
acid etching solution. 

43-49. (Cancelled) 

50. (Previously presented) The process of claim 28 wherein the plating 
solution also contains one or more metal complexing agents. 

51 . (Previously presented) The process of claim 28 wherein the plating 
solution also contains one or more additional metal ions selected from copper ions, iron 
ions, manganese ions, magnesium ions and zirconium ions. 

52-54. (Cancelled) 

55. (Currently amended) The process of claim 28 wherein the mercapto 
substituted nitroaen-containina heterocyclic compound is selected from pyrroles, 
i midazo le s, b e nz i m i dazo le s, pyrazo le s, tr i azo le s, b e nzotr i azoles, t e trazolcs, pyr i d i nes, 
d i pyr i dy l s, pip e raz i ne3, pyraz i n e s, p i p e r i dines, pyr i m i d i ncs, thiazoles, thiazolines, and 
thiazolidines , rhodam i n e s, and morpho li nes . 

56. (Cancelled) 

57. (Previously presented) The process of claim 28 wherein the plating 
solution contains 

from about 1 to about 1 50 g/l of zinc ions, and 

from about 5 to about 250 g/l of nickel and/or cobalt ions. 

58. (Previously presented) The process of claim 28 wherein the plating 
solution contains from about 0.0005 to about 5 g/l of the inhibitor. 
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59. (Previously presented) The process of claim 28 wherein the plating 
solution is free of aliphatic amines and aliphatic hydroxylamines. 

60. (Currently amended) A process for depositing a zinc alloy protective 
coating on aluminum or aluminum based alloy substrate which comprises 

(A) immersion plating the substrate by immersing the substrate in an aqueous 
acidic immersion plating solution having a pH of from about 3.5 to about 6.5 and 
comprising: 

from about 1 to about 150 g/l of zinc ions, 

from about 5 to about 250 g/l of nickel and/or cobalt ions, 

from about 0.005 to about 100 g/l of fluoride ions provided the solution is 

free of cyanide ions, and 

from about 0.005 to about 1 00 g/l of an at least one inhibitor for a period 

of time sufficient to deposit the desired coating, and 

(B) removing the coated substrate from the immersion plating solution 
wherein the at least one inhibitor is s ele ct e d from n i trog e n-conta i n i ng d i su l f i d e s; 

a mercapto substituted nitrogen-containing heterocyclic compounds 
th i oa l coho l s; compounds charact e r i z e d by the formu l a 



-R g N-C(S)Y 



wh e r ei n e ach R i s ind e p e ndent l y hydrogen or an a l ky l , a l k e ny l , or ary l group, and Y i s 
X-rVnH3 2 or N( H )NR 2 ; whoro i n X is O or S and R 1 " i s hydrogon or on a l ka li mota l ; and 
m i xtur e s th e r e of. 



61 . (Previously presented) The process of claim 60 wherein the plating 
solution also contains at least one metal complexing agent. 



62. (Previously presented) The process of claim 61 wherein the metal 
complexing agent is selected from an acetate, citrate, glycollate, lactate, maleate, 
pyrophosphate, tartrate, gluconate, or glucoheptonate, and mixtures thereof. 
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63-65. (Cancelled) 

66. (Currently amended) The process of claim 60 wherein the mercapto 
substituted nitrogen-containing heterocyclic compound is selected from pyrroles, 
i m i dazo l es, b e nzim i dazo le s, pyrazo le s, triazoles, b e nzotr i azol e s, d i pyr i dy l s, t e trazo l cs, 
thiazoles. thiazolines, and thiazolidines , pyr i d i n e s, p i p e raz i nes, pyrazincs, p i p e rid i ncs, 
pyr i m i d i n e s, and morpho li nes . 

67. (Cancelled) 

68. (Previously presented) The process of claim 60 wherein the plating 
solution has a pH of from about 4 to about 6. 

69. (Previously presented) The process of claim 60 wherein the plating 
solution also contains one or more metal ions selected from copper ions, iron ions, 
manganese Ions, magnesium ions and zirconium ions. 

70. (Previously presented) The process of claim 60 wherein the plating 
solution is free of aliphatic amines and aliphatic hydroxylamines. 

71 . (Previously presented) The process of claim 36 wherein the plating 
solution also contains from about 1 to about 250 g/l of at least one metal complexing 
agent. 

72. (Cancelled) 

73. (Currently amended) The process of claim 36 wherein the mercapto 
substituted nitrogen-containing heterocyclic compound is selected from pyrro le s, 
i m i dazo le s, b e nzim i dazo le s, pyrazo le s, tr i azo le s, b e nzotr i azo l es, pyr i d i n e s, d i pyr i dy l s, 
p i perazin e s, pyraz i n e s, p i p e r i d i n e s, pyrimid i n e s, t e trazo le s, thiazoles, thiazolines, and 
thiazolidines , rhodam i n e s, and morpho li ne s. 
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74. (Previously presented) The process of claim 36 wherein the plating 
solution is free of aliphatic amines and aliphatic hydroxylamines. 

75. (Previously presented) The process of claim 71 wherein the metal 
complexing agent is selected from an acetate, citrate, glycollate, lactate, maleate, 
pyrophosphate, tartrate, gluconate, or glucoheptonate, and mixtures thereof. 

76. (Previously presented) The process of claim 36 wherein the plating 
solution further comprises one or more metal ions selected from copper ions, iron ions, 
manganese Ions, magnesium ions and zirconium ions. 

77. (Previously presented) The process of claim 41 wherein the aluminum 
or aluminum based alloy is rinsed with water after each of the cleaning, etching, 
desmutting, and immersion plating steps. 

78. (Previously presented) The process of claim 40 wherein the plating 
solution contains 

from about 1 to about 1 50 g/l of zinc ions, and 

from about 5 to about 250 g/l of nickel and/or cobalt ions. 

79. (Previously presented) The process of claim 40 wherein the plating 
solution contains from about 0.0005 to about 5 g/l of the inhibitor. 

80. (Previously presented) The process of claim 40 wherein the plating 
solution also contains from about 1 to about 250 g/l of at least one metal complexing 
agent. 

81 . (Previously presented) The process of claim 80 wherein the metal 
complexing agent is selected from an acetate, citrate, glycollate, lactate, maleate, 
pyrophosphate, tartrate, gluconate, or glucoheptonate, and mixtures thereof. 
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82. (Currently amended) The process of claim 40 wherein the mercapto 
substituted nitrogen-containing heterocyclic compound is selected from pyrrol e s, 
im i dazo le s, b e nz i m i dazo le s, pyrazol e s, triazo le s, b e nzotr i azo le s, pyr i d i n e s, d i pyr i dy l s, 
p i p e raz i n e s, pyraz i n e s, p i p e r i d i n e s, pyr i m i d i n e s, t e trazo le s, thiazoles, thiazolines, and 
thiazolidines , rhodam i n e s, and morpho li nes . 

83. (Cancelled) 

84. (Previously presented) The process of claim 40 wherein the plating 
solution is free of aliphatic amines and aliphatic hydroxylamines. 

85. (Previously presented) The process of claim 40 wherein the plating 
solution further comprises one or more metal ions selected from copper ions, iron ions, 
manganese Ions, magnesium ions and zirconium ions. 

86. (Previously presented) The process of claim 40 wherein the plating 
solution has a pH of from about 4 to about 6. 

87. (Previously presented) The process of claim 40 wherein the solution 
further comprises from about 0.5 to about 10 g/l of fluoride ions. 

88. (Previously presented) The process of claim 60 wherein the surface of 
the aluminum or aluminum based alloy is cleaned, etched and desmutted prior to 
immersion in the immersion plating solution. 

89. (Previously presented) The process of claim 88 wherein the cleaning 
is performed with an alkaline, acidic, or solvent cleaner, and the etching is performed 
with an alkaline or acid etching solution. 

90. (Previously presented) The process of claim 88 wherein the aluminum 
or aluminum based alloy is rinsed with water after each of the cleaning, etching, 
desmutting, and immersion plating steps. 
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91 . (Previously presented) The process of claim 28 wherein the solution 
further comprises from about 0.5 to about 10 g/l of fluoride ions. 

92. (Previously presented) The process of claim 28 wherein the plating 
solution has a pH of from about 4 to about 6. 

93. (Previously presented) The process of claim 50 wherein the metal 
complexing agent is selected from an acetate, citrate, glycollate, lactate, maleate, 
pyrophosphate, tartrate, gluconate, or glucoheptonate, and mixtures thereof. 
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